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Background: The peritoneum is the second most common site of recurrence in colorectal cancer. Early detection
of peritoneal carcinomatosis (PC) by imaging is difficult. Patients eventually presenting with clinically apparent PC
have a poor prognosis. Median survival is only about five months if untreated and the benefit of palliative systemic
chemotherapy is limited. Only a quarter of patients are eligible for curative treatment, consisting of cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy (CR/HIPEC). However, the effectiveness depends highly on
the extent of disease and the treatment is associated with a considerable complication rate.
These clinical problems underline the need for effective adjuvant therapy in high-risk patients to minimize the risk
of outgrowth of peritoneal micro metastases. Adjuvant hyperthermic intraperitoneal chemotherapy (HIPEC) seems
to be suitable for this purpose. Without the need for cytoreductive surgery, adjuvant HIPEC can be performed with
a low complication rate and short hospital stay.
Methods/Design: The aim of this study is to determine the effectiveness of adjuvant HIPEC in preventing the
development of PC in patients with colon cancer at high risk of peritoneal recurrence. This study will be performed
in the nine Dutch HIPEC centres, starting in April 2015. Eligible for inclusion are patients who underwent curative
resection for T4 or intra-abdominally perforated cM0 stage colon cancer. After resection of the primary tumour, 176
patients will be randomized to adjuvant HIPEC followed by routine adjuvant systemic chemotherapy in the experimental
arm, or to systemic chemotherapy only in the control arm. Adjuvant HIPEC will be performed simultaneously or shortly
after the primary resection. Oxaliplatin will be used as chemotherapeutic agent, for 30 min at 42-43 °C. Just before HIPEC,
5-fluorouracil and leucovorin will be administered intravenously. Primary endpoint is peritoneal disease-free survival at
18 months. Diagnostic laparoscopy will be performed routinely after 18 months postoperatively in both arms of the
study in patients without evidence of disease based on routine follow-up using CT imaging and CEA.
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Discussion: Adjuvant HIPEC is assumed to reduce the expected 25 % absolute risk of PC in patients with T4 or
perforated colon cancer to a risk of 10 %. This reduction is likely to translate into a prolonged overall survival.
Trial registration number: NCT02231086 (Clinicaltrials.gov)
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Colorectal cancer (CRC) is the third most common cancer
in the world. In 2012, almost 1.4 million new patients
were diagnosed, with an expected incidence of 2.4 million
in 2035 [1]. The peritoneum is the second most common
site of recurrence in patients with CRC, accounting for 25
to 35 % of all recurrences [2, 3]. Because the clinical
diagnosis of peritoneal carcinomatosis (PC) is much more
difficult than the diagnosis of liver or lung metastases, it is
likely that reported incidences of metachronous PC are
underestimated. Important risk factors for peritoneal
tumour seeding of CRC identified in the literature are
advanced stage of the primary tumour (pT4) and tumour
perforation [4–7].
PC of colorectal cancer origin is associated with a poor
prognosis. Median survival is only about 5 months if
untreated and has a reported range between 5 and
15 months if treated with palliative systemic therapy, being
significantly worse compared to survival rates after
palliative systemic therapy for non-peritoneal localizations
[8–11]. Quality of life is often significantly impaired
because of ascites and bowel obstruction [11]. In three
quarters of the patients with PC of colorectal origin, only
palliative treatment options remain at time of diagnosis
[12]. In the remaining quarter of the patients without
distant metastases and restricted peritoneal tumour load,
cytoreductive surgery (CR) and HIPEC is an intentionally
curative treatment option. A large number of phase II
studies and two phase III trials have been published on
CR/HIPEC, showing an improved survival in comparison
with systemic chemotherapy only [8, 13–24]. However,
the effectiveness of CR/HIPEC highly depends on the
extent of disease. If complete cytoreduction of PC is
obtained, 5-year survival rates of 45 to 51 % can be
achieved in combination with HIPEC, but survival is
significantly lower if not all visible tumour could be
resected [25, 26]. Furthermore, CR/HIPEC is associated
with substantial morbidity, namely infectious complications
and abdominal wall complications.
Because of the difficulties in treating PC at a clinically
overt stage and the restricted sensitivity of imaging modal-
ities to detect PC at an early stage, advancing the treatment
to a subclinical stage may overcome the current problems
in treating patients with PC of colorectal origin. In other
words, effective adjuvant treatment to prevent develop-
ment of PC in high-risk CRC patients is warranted.Intraperitoneal administration of chemotherapy has been
used to treat or prevent PC from various primary malig-
nancies [19, 27–34]. From a pharmacological point of view,
this is an attractive approach given the peritoneal-plasma
barrier, which allows for higher peritoneal cavity concen-
trations resulting in higher efficacy while systemic toxicity
is not increased.
In an attempt to prevent PC of colorectal origin,
intraperitoneal 5-FU administration (IPEC) through a
peritoneal catheter in the immediate postoperative
period or as prolonged treatment up to 12 months
has been used, as well as HIPEC using mitomycin-C or
oxaliplatin [31, 32, 35–38]. It can be concluded from these
studies that intraperitoneal chemotherapy seems to reduce
intraperitoneal recurrence rates, and that even a survival
benefit is suggested in studies using adjuvant HIPEC [39].
These studies are subjected to significant bias and no
definitive conclusions can be drawn based on these
data. With regard to treatment-related morbidity of
adjuvant (H)IPEC, these data, as well as experience
from the first 10 patients included in a Dutch feasibility
study, reveal that adjuvant HIPEC is a well-tolerated
intervention with no significant morbidity, which can be
performed in a short stay setting [39, 40]. This supports
conducting a randomized trial to determine the oncological
effectiveness of adjuvant HIPEC in addition to routine
adjuvant systemic therapy.
Methods/Design
Objective
The primary aim of this study is to determine the
oncological effectiveness of adjuvant HIPEC using oxali-
platin, following a curative resection of a T4 or intra-
abdominally perforated colon carcinoma in preventing the
development of PC.
Secondary aims are:
1. to determine the incidence of PC in pT4 and
perforated colon cancer with metastatic patterns
based on prospectively collected data and diagnostic
laparoscopy at 18 months as a golden standard
during follow-up;
2. to identify molecular parameters in tissues of primary
tumours indicating high-risk of developing PC;
3. to determine treatment-related morbidity of open
and laparoscopic adjuvant HIPEC;
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simultaneous and staged adjuvant HIPEC
(both early postoperative (0–10 days) as well
as delayed (5–8 weeks));
5. to determine several procedural characteristics of
adjuvant HIPEC such as operating time, hospital
stay, and re-admission rate;
6. to compare quality of life and costs of adjuvant
HIPEC with standard adjuvant systemic treatment.
Design
This will be a randomized controlled clinical trial of
the Dutch Colorectal Cancer Group (DCCG) that will be
performed in the nine Dutch HIPEC centres, starting in
April 2015. Eligible patients will be randomized (in a 1:1
ratio) to adjuvant HIPEC followed by standard adjuvantFig. 1 Flow-diagram COLOPEC trial. HIPEC: hyperthermic intraperitoneal chsystemic chemotherapy in the experimental arm, or
adjuvant systemic chemotherapy alone in the control
arm (Fig. 1). Stratification factors will be tumour
characteristic (T4 or perforation), surgical approach of
the primary tumour resection (laparoscopy or open)
and age (<65 years or ≥65 years).
Timing of adjuvant HIPEC is tailored to the different
clinical entities within the study population. Patients with
obvious clinical T4 stage can be asked preoperatively for
informed consent with simultaneous HIPEC if randomized
in the experimental arm. If patients are randomized
postoperatively based on intra-operative findings, early
staged adjuvant HIPEC is preferably performed as soon as
possible after primary resection but at a maximum of
10 days. When early postoperative HIPEC is not feasible,
delayed staged adjuvant HIPEC will be performed in weekemotherapy
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performed either by laparoscopy or open approach. Subse-
quently, patients will receive routine adjuvant systemic
chemotherapy according to local treatment protocols
within 3 weeks from HIPEC, preferably as soon as the clin-
ical condition allows for systemic therapy. Follow-up will
be performed routinely according to the national guideline
during the first 18 months. Patients who already developed
recurrent disease during this time interval will be treated
accordingly. During the entire postoperative period,
concomitant medications, adverse events, procedures and
adjuvant therapies will be reviewed and documented. In
patients who have no clinical signs of recurrent disease at
18 months on CT scan of the thorax and abdomen in
combination with non-elevated CEA levels, diagnostic
laparoscopy will be performed in both arms of the study.
Laparoscopy enables accurate assessment of the primary
endpoint of the study and may have therapeutic implica-
tions for patients in whom asymptomatic PC is proven by
laparoscopically taken biopsies. These patients will subse-
quently be treated by CR/HIPEC according to the national
guideline if fulfilling the treatment criteria, with a switch to
mitomycin-C in patients who underwent adjuvant HIPEC
with oxaliplatin previously. The staging laparoscopy at
18 months is supported by the increasing data in the litera-
ture on the value of second look surgery for high-risk
patients [41, 42]. Patients with a negative laparoscopy will
continue routine follow-up for at least 5 years from primary
resection and during this period, oncological outcome in
terms of local recurrence, metastases and survival as well as
oncological therapies will be documented. All relevant data
during work up, management and follow up will be
collected in an electronic case record form. In addition,
quality of life and economic evaluation questionnaires will
be administered to the patient at each follow-up interval.
Data will be documented in line with ‘Good Clinical
Practice’ and Dutch legal requirements.
Study population
Patients diagnosed with adenocarcinoma of the colon
and either one of the two following risk factors for PC
or both will be considered for inclusion:
 T4N0-2M0, either consisting of obvious clinical T4
stage based on preoperative imaging or
intraoperative findings, or pathological T4 stage;
 primary tumour presenting with perforation being
curatively resected (N0-2 M0 stage).
Those patients are eligible for this study when they
meet the following inclusion criteria:
 age between 18 and 75 years;
 intention to start adjuvant systemic therapy; adequate clinical condition to undergo simultaneous
HIPEC, or re-laparoscopy/laparotomy with HIPEC
within either 10 days or between week 5–8 from
primary resection;
 white blood cell count of at least 3000/mm3,
platelet count of at least 100.000/mm3;
 normal creatinine or creatinine clearance of at least
50 ml/min;
 written informed consent.
A potential subject who meets any of the following
criteria will be excluded from participation in this study:
 postoperative complications that interfere with
adjuvant HIPEC within 8 weeks (i.e. persisting
intra-abdominal abscess, significant fascial dehiscence,
enteric fistula);
 non-curative intent of treatment;
 liver and/or lung metastases;
 pathological T4N0M0 stage with microsatellite
instability;
 unstable or uncompensated respiratory or cardiac
disease;
 severe hepatic or renal dysfunction;
 bleeding diathesis or coagulopathy.
Treatment strategies
Standard care of the control arm
Treatment in the control arm of the COLOPEC trial is in
accordance with the Dutch guideline for adjuvant chemo-
therapy in colon cancer patients (www.oncoline.nl). First
line adjuvant systemic chemotherapy for colon cancer
consists of six months treatment with capecitabin and
oxaliplatin (CAPOX) every three weeks or 5-FU and
oxaliplatin (FOLFOX) every two weeks. Adjuvant chemo-
therapy is preferably started within six to eight weeks after
primary surgery and at a maximum of 12 weeks after
primary resection.
Investigational treatment of the experimental arm
Treatment in the experimental arm consists of adjuvant
HIPEC followed by standard systemic chemotherapy.
HIPEC can be performed either by a laparoscopic or open
approach to the discretion of the surgeon.
1. Laparoscopic adjuvant HIPEC
Minimally invasive access to the abdominal cavity is
obtained, followed by adhesiolysis if indicated and
thorough inspection of the peritoneal surfaces. At
least one multiperforated inflow catheter is placed
through a 10–12 mm port in Douglas pouch with at
least one multiperforated outflow catheter in the right
subphrenic space. The patient’s body temperature will
be monitored in the oesophagus. All trocars are
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the procedure. Perfusion by an auto regulated pump
system will be started with a minimum of 2 L isotonic
dialysis fluid at a flow rate of 1-2 L/min and an inflow
temperature of 42-43 °C. Before the beginning of
HIPEC, fluorouracil 400 mg/m2 and leucovorin
20 mg/m2 will be administered intravenously to
potentiate oxaliplatin activity. After attaining at least
42 °C inflow temperature, oxaliplatin (460 mg/m2)
will be added to the circuit in a single dose. The
operating table will be rotated and tilted every 5 min,
and the abdomen will be agitated throughout the
infusion to allow homogeneous exposure of the
peritoneal surfaces to the heated chemotherapy.
After a total perfusion time of 30 min, the peritoneal
fluid is totally suctioned and the abdomen is examined
for evidence of tissue injury or bleeding. A suction
drain will be left in Douglas pouch for 24 h. The
other port sites are closed in a standard fashion.
Postoperative care after simultaneous HIPEC will be
according to the primary colonic resection following an
enhanced recovery program. After staged laparoscopic
HIPEC, patients are fully mobilized at day one with
normal diet and will intentionally be discharged at day
one to three if the institutional discharge criteria are
fulfilled. Hematologic parameters will be determined at
day 14, followed by start of systemic chemotherapy.
2. Open adjuvant HIPEC
Open adjuvant HIPEC can be performed
simultaneously in patients undergoing primary
open resection, and staged open adjuvant HIPEC
can be performed by re-laparotomy in patients
who underwent primary open CRC resection. The
decision to perform staged open or laparoscopic
HIPEC in case of prior open resection will be left
to the discretion of the surgeon. Besides the
access to the peritoneal cavity, the procedure is
similar to the laparoscopic approach as described
above. Preferably, a closed perfusion is performed
rather than a Colosseum technique to have similar
pharmacokinetics as a laparoscopic approach. After
positioning of the in- and outflow catheters, the
abdomen will then be closed and subsequently
perfusion will be started. Postoperative care is similar
to the laparoscopic approach with an anticipated day
of discharge between day two to five if discharge
criteria are fulfilled. Hematologic parameters will be
determined at day 14, followed by start of systemic
chemotherapy.
Main outcome
The primary endpoint of the study is peritoneal recurrence-
free survival at 18 months determined by CTand if negative
by laparoscopy.Secondary study endpoints
 treatment-related toxicity of adjuvant HIPEC,
including 30-day complication rate, re-intervention
rate, and re-admission rate;
 hospital stay for simultaneous and staged HIPEC,
either open or laparoscopic;
 3 and 5-year disease-free survival and overall survival;
 quality of life (EORTC-30, EORTC-CR29);
 costs (general, per year free of PC, per quality
adjusted life year) (EQ-5D-5 L, iMTA MCQ and
iMTA PCQ, adapted to the current study setting
and target population).
Additional outcome measures
 incidence of PC;
 sensitivity of imaging to detect PC during
follow-up, using laparoscopy as a golden standard;
 inter- and intra-variability amongst radiologists in
detecting PC using CT-imaging;
 differences in patterns of dissemination
(peritoneal plus or minus distant metastases);
 impact of adjuvant HIPEC on the degree of adhesions
and extent of adhesiolysis required at 18 months;
Sample size calculation
Approximately 25 % of CRC patients with a pT4 or
perforated primary tumour is expected to develop PC
(see below). Adjuvant HIPEC is expected to result in
a 60 % relative risk reduction in peritoneal recurrence
based on the currently available literature (see below). To
detect an absolute 15 % difference in PC recurrence-free
survival at 18 months (90 % peritoneal recurrence-free
under HIPEC plus systemic chemotherapy against 75 %
peritoneal recurrence free under systemic chemotherapy),
a total number of 176 patients (88 in each arm) is needed
(Kaplan-Meier, one-sided, alpha = 0.05, power of 80 %,
drop-out 5 %). Actually, the power may even be higher,
because the calculation ignores longer follow-up for the
patients who have been included early on in the study.
Data-analysis
The primary endpoint, peritoneal recurrence-free survival
at 18 months, will be compared between the two study
groups, using Kaplan Meier survival analysis with log rank
test and a significance level of 0.05.
Secondary study endpoints
Treatment effects will be expressed as a relative risk with
95 % confidence interval. Any binary secondary outcome
measures (e.g. re-operation rate, mortality rate, etc.) will
be analysed by using a Fisher’s exact or Chi-square test
with a two-sided significance level of 0.05 on an intention
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independent samples t-test. Quality of life data will be
assessed using the questionnaires ‘EORTC-QLQ-C30’
and ‘CR 29’. The EORTS-QLQ-C30 is a questionnaire
developed to test global quality of life in cancer patients. In
addition, the EORTC-QLQ-CR29 focusses on colorectal
cancer patients. Results will be graphically represented
across all time points and analysed using a repeated
measures analysis of variance. All analyses will be intention
to treat. A p-value of <0.05 will be considered statistically
significant. Subgroup analyses will employ a test of inter-
action to explore whether there is evidence that the treat-
ment effects differ across subgroups. As with all subgroups
analyses, these will be interpreted with caution, and will be
considered hypothesis generating.
Economic evaluation
The economic evaluation of adjuvant HIPEC followed
by systemic chemotherapy against adjuvant systemic
chemotherapy alone will be performed from the societal
perspective as a cost-effectiveness as well as cost-utility
analysis. The primary outcomes will be the costs per
year free of PC and the costs per quality adjusted life
year (QALY) respectively. Incremental cost-effectiveness
and cost-utility ratios will be calculated for these outcomes,
along with 95 % confidence intervals based on non-
parametric bootstrapping to account for sampling variation.
Explorative subgroup analyses will be done for patients
presenting with or without perforation and for patients with
early (simultaneous/<10 days postoperatively) or delayed
(5–8 weeks postoperatively) HIPEC. Sensitivity analyses will
be performed for the unit costs of adjuvant HIPEC and for
alternative health valuation algorithms (see below).
Results will be displayed graphically with cost-effectiveness
planes and cost-effectiveness acceptability curves for
willingness-to-pay values up to €100,000.
The cost analysis will include all direct and indirect
medical and non-medical costs. Data on volumes will
be gathered from case reports forms, hospital information
systems and with short patient questionnaires at quar-
terly intervals during follow-up. The iMTA Medical
Consumption Questionnaire and iMTA Productivity Cost
Questionnaire, adapted to the current study setting and
target population, will be used.
Dissemination of cancer to the peritoneum may debilitate
a person’s quality of life on top of recovering from surgery
for the primary cancer. In addition to the already
mentioned cancer specific EORTC-QLQ-C30 and CR 29
questionnaires, patients will be asked to complete the
short EQ-5D-5L (Euroqol) generic health status question-
naire at each follow-up time point in order to gather
health status profiles over time that can be transposed into
QALYs using health utility scoring algorithms available
from the literature [43, 44] These algorithms reflectpreferences in the general population, which were elicited
with time trade-off elicitation techniques.
Also, a budget impact analysis (BIA) will be performed
linking data on disease incidence and prevalence, on
inclusion criteria, and on health care expenses per case.
Both governmental and health care insurer perspectives
will be addressed.Safety
The medical ethical committee of the Academic Medical
Center Amsterdam has approved the study protocol
(MEC 2014–264, NL49960.018.14) and this study will be
conducted according to the principles of the Declaration
of Helsinki (Fortaleza, October 2013) and in accordance
with the Medical Research Involving Human Subjects
Act (WMO). An interim review will be performed after
inclusion of 25, 50 and 100 (of the total of 176 patients).
At 6 weeks after inclusion of these patients the trial’s safety
data will be evaluated. The data and safety monitoring
board (DSMB) will be supplied with the number of
(serious) adverse events in both groups at this time
point. If there is a skewed distribution of the number
of (serious) adverse events between the two groups an
efficacy analysis can be performed at the discretion of the
DSMB. Following these interim analyses the DSMB will
advise upon continuation of the trial.Discussion
Rationale for HIPEC design; chemotherapeutic agent,
surgical approach and timing
In the COLOPEC trial we will use oxaliplatin as standard
chemotherapeutic agent for HIPEC. In the Netherlands, we
have recently switched from mitomycin-C as the standard
agent for HIPEC to oxaliplatin in all HIPEC centres.
Oxaliplatin and mitomycin-C are both cell cycle inde-
pendent alkylating agents, interfering with DNA and
DNA-synthesis. Because of a large molecular weight, there
is limited systemic absorption of both agents. The
enhancement of cytotoxicity under hyperthermia and a
maximal tissue penetration of 2 mm. are also comparable.
Although there are no randomized studies comparing
oxaliplatin and mitomycin-C for CR/HIPEC, the literature
suggests an equal antitumor effectiveness [45]. The
advantage of oxaliplatin is the absence of neutropenia
and shorter perfusion time (30 versus 90 min.) compared
to mitomycin-C.
In this project, there is the possibility to deliver HIPEC
by both the conventional open approach and a minimally
invasive approach. If compared to an open procedure,
laparoscopic HIPEC avoids the risk and recovery time
associated with a laparotomy while the temperature
profiles and peritoneal perfusion flow rates are similar [46].
Experimental studies in pigs suggest even better penetration
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increased abdominal pressure [47, 48].
Prophylactic resection of organs at risk of harbouring
tumour cells, such as omentectomy and ovariectomy,
has been performed in addition to adjuvant HIPEC [49].
There is currently no evidence to support this. Because
HIPEC is applied in adjuvant setting with the majority of
patients not expected to benefit from this intervention, we
aim to minimise invasiveness of the therapy. Therefore,
we decided not to perform prophylactic omentectomy,
ovariectomy or any other prophylactic surgery . Moreover,
we hypothesise that potential micro metastases at these
sites are sufficiently treated with HIPEC .
Timing of the adjuvant HIPEC procedure will be
tailored to the individual patient within the COLOPEC
trial. Both a simultaneous and a staged approach can be
chosen. A theoretical disadvantage of a staged approach is
the suggested phenomenon of residual cancer cells being
encapsulated with fibrin, which probably makes these cells
less accessible for chemotherapy at an interval of more
than two weeks after surgery [20, 50–52]. Therefore, it is
often stated that HIPEC should ideally be performed
simultaneously with primary tumour resection, although
this is not an evidence-based recommendation. Simultan-
eous adjuvant HIPEC is often not feasible because pT4 stage
is only found at definitive pathology, HIPEC is not available
at time of primary tumour resection in an emergency set-
ting for a perforated tumour, or primary resection is being
performed outside a HIPEC centre. In order to make results
from a RCT transferable to daily clinical practice in the end,
the possibility of early postoperative HIPEC has been
included in the study protocol. Staged HIPEC may be per-
formed within 10 days in case of adequate patient condition
and logistics, or may be delayed to 5–8 weeks from primary
resection. The theoretical advantage of staged adjuvant
HIPEC is that healing of the anastomosis is not compro-
mised by immunosuppression as a result of the administra-
tion of chemotherapeutic agents, and the more favourable
logistics. Disadvantages of staged adjuvant HIPEC are the
necessity of adhesiolysis, the risk of suboptimal distribution
of chemotherapy in the abdominal cavity, and the potential
delay of routine adjuvant systemic treatment.
Primary endpoint
Although 3-year disease-free survival (3-years-DFS)
using CT imaging is a commonly used endpoint in adjuvant
setting, 18 month laparoscopy is more appropriate in this
trial because of the restricted sensitivity of imaging
modalities to detect PC at an early stage. Also, second look
surgery is increasingly applied in patients at high risk of
developing PC in- and outside trial setting. Positive findings
during laparoscopy may have therapeutic implications,
which justifies an invasive method to determine the primary
outcome parameter. It is likely that a significant reductionin peritoneal recurrence rate at 18 months will eventually
translate into an overall survival benefit given the worse
prognosis associated with peritoneal dissemination.
Expected results and impact on clinical practice and
health care system
There needs to be a good balance between associated costs
and morbidity on one hand and effectiveness on the other
hand for an adjuvant treatment modality. For routine adju-
vant systemic chemotherapy in colon cancer, an absolute
survival benefit as low as 5 % is considered to be worth-
while despite duration of treatment for six months with
treatment related toxicity such as hand-foot syndrome.
Based on reported incidences of PC between 14 and
58 % for perforated tumours [41, 53, 54] and between 17
and 50 % for pT4 stage [55–58], the estimated incidence
of PC in the study population will be 25 %. Reported
incidences may have been underestimated because of
the inaccuracy of routine follow-up examinations to
detect PC and incomplete autopsy rates of patients who
died of CRC. The relative risk reduction in a compara-
tive study of 25 patients undergoing prophylactic HIPEC
compared to a 1:2 matched control group was 82 % [59].
Older randomized studies using intraperitoneal 5-FU
showed relative risk reductions of peritoneal recurrence
of 78 % [38] and 62 % in favour of the intraperitoneal
chemotherapy groups [37]. Based on these data, a conser-
vative expected relative risk reduction of adjuvant HIPEC
is 60 %. The expected advantage of the experimental
intervention is therefore an absolute reduction of 15 % in
PC (from 25 % to 10 %).
As a consequence of a 15 % absolute risk reduction,
from each cohort of 100 patients, 85 patients will undergo
an additional treatment without any benefit. This is only
acceptable if the associated morbidity is relatively low,
which appears to be so based on systematic review of the
literature and our own feasibility study [39, 40].
With regard to cost-effectiveness, additional costs of
routine adjuvant HIPEC should be weighed against
gained life years and reduced costs of patients in whom
PC has been prevented to develop. A 15 % reduction of
peritoneal recurrence is expected to result in at least a
5 % survival benefit, given the dismal prognosis associated
with development of PC and based on an update of the
study by Sammartino et al. [49]. Reduced costs may be
related to less expensive treatment for clinically manifest
PC, such as CR/HIPEC (approximately €50.000 per
procedure) and palliative systemic treatment including
expensive targeted agents such as bevacizumab (€2.400
per month per patient). Furthermore, reduced costs may
be related to a reduced use of other palliative treatment
modalities (ascites drainage, palliative surgery) and less
need for palliative care in a hospital or other institutional
setting, or at home.
Klaver et al. BMC Cancer  (2015) 15:428 Page 8 of 9Abbreviations
COLOPEC: Adjuvant hyperthermic intraperitoneal chemotherapy in patients
with COLon cancer at high risk of PEritoneal Carcinomatosis; CRC: Colorectal
cancer; CR: CytoReductive surgery; DALY: Disability adjusted life years;
DSMB: Data and Safety Monitoring Board; GCP: Good clinical practice;
HIPEC: Hyperthermic IntraPEritoneal Chemotherapy; METC: Medical research
ethics committee (MREC) (in Dutch, Medisch Ethische ToetsingsCommissie;
PC: Peritoneal carcinomatosis; QUALY: Quality adjusted life year; RCT: Randomized
controlled trial; WMO: Medical Research Involving Human Subjects Act (in Dutch:
Wet Medisch-wetenschappelijk Onderzoek met mensen.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
CK, GM, WB, CP, VV, MD and PT have made substantial contributions to the
conception and design of this study, have been involved in drafting the
manuscript or revising it critically for important intellectual content and have
given final approval of the version to be published. RG, BR, IH, SR, JW, EV,
JWB, AA, WG, CB, JDB, LL, PE, JP, WM, JT, PH, BL, AB, SN, PS, MW and DB have
made contributions to the design of this study and have made substantial
contributions to the organization of this trial. All authors have given final
approval of the version to be published; and are local investigators at the
participating centres.
Acknowledgements
The COLOPEC trial is funded by ZonMw, the Netherlands Organisation for
Health Research and Development. ZonMw’s main commissioning
organisations are the Dutch Ministry of Health, Welfare and Sport and the
Netherlands Organisation for Scientific Research. Employment of CK is
funded by this ZonMw grant. ZonMw has not played a role in designing the
study, nor in the collection, analysis and interpretation of data. ZonMw
neither influenced the writing process of the manuscript nor the decision to
submit the manuscript for publication. All other authors have not received
funding for their contribution to the COLOPEC trial. No further
acknowledgements are applicable.
Source of funding
The authors have no conflict of interest. This investigator initiated trial is
funded by the Netherlands Organisation for Health Research and
Development (ZonMW), of which the Dutch Ministry of Health, Welfare and
Sports and the Dutch Organisation for Scientific Research are the main
commissioning organisations.
Author details
1Department of surgery, Academic Medical Centre, University of Amsterdam,
Post box 22660, 1105AZ Amsterdam, The Netherlands. 2Department of
oncology, Academic Medical Centre, University of Amsterdam, Post box
22660, Amsterdam, The Netherlands. 3Department of Surgery, Antoni van
Leeuwenhoek hospital/the Netherlands Cancer Institute, Amsterdam, The
Netherlands. 4Clinical Research Unit, Academic Medical Centre, University of
Amsterdam, Post box 22660, 1105AZ Amsterdam, The Netherlands.
5Department of surgery, St. Antonius Hospital, Post box 2500, 3430 EM
Nieuwegein, The Netherlands. 6Department of surgery, Radboud University
Medical Centre, Geert Grooteplein-Zuid 22, 6525 GA Nijmegen, The
Netherlands. 7Department of surgery, Erasmus Medical Centre/Daniel den
Hoed, Post box 2040, 3000 CA Rotterdam, The Netherlands. 8Dutch Cancer
Patient Organization ‘Leven met Kanker’, Utrecht, the Netherlands.
9Department of surgery, University Medical Centre, Hanzeplein 1, 9700 RB
Groningen, The Netherlands. 10Department of surgery, University Medical
Centre, Post box 85500, 3584 CX Utrecht, The Netherlands. 11Department of
surgery, Catharina Ziekenhuis, Post box 1350, 5602 ZA Eindhoven, The
Netherlands. 12Department of pharmacy, Academic Medical Centre,
University of Amsterdam, Post box 22660, 1105AZ Amsterdam, The
Netherlands. 13Departement of surgery, Vrije University Medical Center, Post
box 7057, 1007 MB Amsterdam, The Netherlands. 14Society of patients with
cancer of the gastrointestinal tract (SPKS), Darmkanker Nederland, Utrecht,
the Netherlands. 15Department of oncology, Radboud University Medical
Centre, Geert Grooteplein-Zuid 22, 6525 GA Nijmegen, The Netherlands.
16Department of pathology, Antoni van Leeuwenhoek hospital/the
Netherlands Cancer Institute, Amsterdam, The Netherlands.Received: 7 April 2015 Accepted: 13 May 2015References
1. Ferlay J, Soerjomataram II, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2014;136:E359–86.
2. Brodsky JT, Cohen a M. Peritoneal seeding following potentially curative
resection of colonic carcinoma: implications for adjuvant therapy. Dis Colon
Rectum. 1991;34:723–7.
3. Elferink MAG, de Jong KP, Klaase JM, Siemerink EJ, de Wilt JHW.
Metachronous metastases from colorectal cancer: a population-based study
in North-East Netherlands. Int J Colorectal Dis. 2015;30:205–12.
4. Noura S, Ohue M, Seki Y, Yano M, Ishikawa O, Kameyama M. Long-term
prognostic value of conventional peritoneal lavage cytology in patients
undergoing curative colorectal cancer resection. DisColon Rectum.
2009;52:1312–20.
5. Rekhraj S, Aziz O, Prabhudesai S, Zacharakis E, Mohr F, Athanasiou T, et al.
Can intra-operative intraperitoneal free cancer cell detection techniques
identify patients at higher recurrence risk following curative colorectal
cancer resection: a meta-analysis. Ann Surg Oncol. 2008;15:60–8.
6. Yang SH, Lin JK, Lai CR, Chen CC, Li AF, Liang WY, et al. Risk factors for
peritoneal dissemination of colorectal cancer. J Surg Oncol. 2004;87:167–73.
7. Lemmens VE, Klaver YL, Verwaal VJ, Rutten HJ, Coebergh JWW, de Hingh IH.
Predictors and survival of synchronous peritoneal carcinomatosis of
colorectal origin: a population-based study. Int J Cancer. 2011;128:2717–25.
8. Verwaal VJ, van RS, de BE, van Sloothen GW, van TH, Boot H, et al.
Randomized trial of cytoreduction and hyperthermic intraperitoneal
chemotherapy versus systemic chemotherapy and palliative surgery in
patients with peritoneal carcinomatosis of colorectal cancer. J Clin Oncol.
2003;21:3737–43.
9. Pelz JO, Chua TC, Esquivel J, Stojadinovic A, Doerfer J, Morris DL, et al.
Evaluation of best supportive care and systemic chemotherapy as treatment
stratified according to the retrospective peritoneal surface disease severity
score (PSDSS) for peritoneal carcinomatosis of colorectal origin.
BMC Cancer. 2010;10:689.
10. Franko J, Shi Q, Goldman CD, Pockaj BA, Nelson GD, Goldberg RM, et al.
Treatment of colorectal peritoneal carcinomatosis with systemic
chemotherapy: a pooled analysis of north central cancer treatment
group phase III trials N9741 and N9841. J Clin Oncol. 2012;30:263–7.
11. Klaver YL, Lemmens VE, Nienhuijs SW, Luyer MD, de Hingh IH. Peritoneal
carcinomatosis of colorectal origin: Incidence, prognosis and treatment
options. World J Gastroenterol. 2012;18:5489–94.
12. Klaver YL, Lemmens VE, Creemers GJ, Rutten HJ, Nienhuijs SW, de Hingh IH.
Population-based survival of patients with peritoneal carcinomatosis from
colorectal origin in the era of increasing use of palliative chemotherapy.
Ann Oncol. 2011;22:2250–6.
13. Sugarbaker PH, Chang D. Results of treatment of 385 patients with
peritoneal surface spread of appendiceal malignancy. Ann Surg Oncol.
1999;6:727–31.
14. Shen P, Levine EA, Hall J, Case D, Russell G, Fleming R, et al. Factors
predicting survival after intraperitoneal hyperthermic chemotherapy with
mitomycin C after cytoreductive surgery for patients with peritoneal
carcinomatosis. Arch Surg. 2003;138:26–33.
15. Schneebaum S, Arnold MW, Staubus A, Young DC, Dumond D, Martin EW.
Intraperitoneal hyperthermic perfusion with mitomycin C for colorectal
cancer with peritoneal metastases. Ann Surg Oncol. 1996;3:44–50.
16. Cavaliere F, Perri P, Di Filippo F, Giannarelli D, Botti C, Cosimelli M, et al.
Treatment of peritoneal carcinomatosis with intent to cure. J Surg Oncol.
2000;74:41–4.
17. Beaujard AC, Glehen O, Caillot JL, Francois Y, Bienvenu J, Panteix G, et al.
Intraperitoneal chemohyperthermia with mitomycin C for digestive tract
cancer patients with peritoneal carcinomatosis. Cancer. 2000;88:2512–9.
18. Fujimura T, Yonemura Y, Fujita H, Michiwa Y, Kawamura T, Nojima N, et al.
Chemohyperthermic peritoneal perfusion for peritoneal dissemination in
various intra-abdominal malignancies. Int Surg. 1999;84:60–6.
19. Witkamp AJ, de BE, Kaag MM, van Slooten GW, van CF, Zoetmulder FA.
Extensive surgical cytoreduction and intraoperative hyperthermic
intraperitoneal chemotherapy in patients with pseudomyxoma peritonei.
Br J Surg. 2001;88:458–63.
Klaver et al. BMC Cancer  (2015) 15:428 Page 9 of 920. Elias D, Blot F, El OA, Antoun S, Lasser P, Boige V, et al. Curative treatment
of peritoneal carcinomatosis arising from colorectal cancer by complete
resection and intraperitoneal chemotherapy. Cancer. 2001;92:71–6.
21. Elias D, Delperro J-R, Sideris L, Benhamou E, Pocard M, Baton O, et al.
Treatment of peritoneal carcinomatosis from colorectal cancer: impact of
complete cytoreductive surgery and difficulties in conducting randomized
trials. Ann Surg Oncol. 2004;11:518–21.
22. Loggie BW, Fleming RA, McQuellon RP, Russell GB, Geisinger KR. Cytoreductive
surgery with intraperitoneal hyperthermic chemotherapy for disseminated
peritoneal cancer of gastrointestinal origin. Am Surg. 2000;66:561–8.
23. Piso P, Bektas H, Werner U, Schlitt HJ, Kubicka S, Bornscheuer A, et al.
Improved prognosis following peritonectomy procedures and hyperthermic
intraperitoneal chemotherapy for peritoneal carcinomatosis from
appendiceal carcinoma. Eur J Surg Oncol. 2001;27:286–90.
24. Rey Y, Porcheron J, Talabard JN, Szafnicki K, Balique JG. Peritoneal
carcinomatosis treated by cytoreductive surgery and intraperitoneal
chemohyperthermia. Ann Chir. 2000;125:631–42.
25. Verwaal VJ, Bruin S, Boot H, van SG, van TH. 8-year follow-up of randomized
trial: cytoreduction and hyperthermic intraperitoneal chemotherapy versus
systemic chemotherapy in patients with peritoneal carcinomatosis of
colorectal cancer. Ann Surg Oncol. 2008;15:2426–32.
26. Elias D, Lefevre JH, Chevalier J, Brouquet A, Marchal F, Classe JM, et al.
Complete cytoreductive surgery plus intraperitoneal chemohyperthermia
with oxaliplatin for peritoneal carcinomatosis of colorectal origin. J Clin
Oncol. 2009;27:681–5.
27. De Bree E, Witkamp AJ, Zoetmulder FA. Intraperitoneal chemotherapy for
colorectal cancer. J Surg Oncol. 2002;79:46–61.
28. Cao C, Yan TD, Black D, Morris DL. A systematic review and meta-analysis of
cytoreductive surgery with perioperative intraperitoneal chemotherapy for
peritoneal carcinomatosis of colorectal origin. Ann Surg Oncol.
2009;16:2152–65.
29. Elias D, Gilly F, Boutitie F, Quenet F, Bereder JM, Mansvelt B, et al. Peritoneal
colorectal carcinomatosis treated with surgery and perioperative
intraperitoneal chemotherapy: retrospective analysis of 523 patients from a
multicentric French study. J Clin Oncol. 2010;28:63–8.
30. Glockzin G, Schlitt HJ, Piso P. Peritoneal carcinomatosis: patients selection,
perioperative complications and quality of life related to cytoreductive
surgery and hyperthermic intraperitoneal chemotherapy. World J Surg
Oncol. 2009;7(5):5.
31. Graf W, Westlin JE, Pahlman L, Glimelius B. Adjuvant intraperitoneal 5-fluorouracil
and intravenous leucovorin after colorectal cancer surgery: a randomized phase
II placebo-controlled study. Int J Colorectal Dis. 1994;9:35–9.
32. Vaillant JC, Nordlinger B, Deuffic S, Arnaud JP, Pelissier E, Favre JP, et al.
Adjuvant intraperitoneal 5-fluorouracil in high-risk colon cancer: A multicenter
phase III trial. Ann Surg. 2000;231:449–56.
33. Verwaal VJ, Kusamura S, Baratti D, Deraco M. The eligibility for local-regional
treatment of peritoneal surface malignancy. J Surg Oncol. 2008;98:220–3.
34. Yonemura Y, Ninomiya I, Kaji M, Sugiyama K, Fujimura K, Sawa T, et al.
Prophylaxis with intraoperative chemohyperthermia against peritoneal
recurrence of serosal invasion-positive gastric cancer. World J Surg.
1995;19:450–4.
35. Kelsen DP, Saltz L, Cohen a M, Yao TJ, Enker W, Tong W, et al. A phase I trial
of immediate postoperative intraperitoneal floxuridine and leucovorin plus
systemic 5-fluorouracil and levamisole after resection of high risk colon
cancer. Cancer. 1994;74:2224–33.
36. Palermo JA, Richards F, Lohman KK, Lovelace JV, Atkinson J, Case LD, et al.
Phase II trial of adjuvant radiation and intraperitoneal 5-fluorouracil for
locally advanced colon cancer: results with 10-year follow-up. Int J Radiat
Oncol Biol Phys. 2000;47:725–33.
37. Scheithauer W, Kornek GV, Marczell A, Karner J, Salem G, Greiner R, et al.
Combined intravenous and intraperitoneal chemotherapy with fluorouracil
+ leucovorin vs fluorouracil + levamisole for adjuvant therapy of resected
colon carcinoma. Br J Cancer. 1998;77:1349–54.
38. Sugarbaker PH, Gianola FJ, Speyer JL, Wesley R, Barofsky I, Myers CE.
Prospective randomized trial of intravenous v intraperitoneal 5-FU in
patients with advanced primary colon or rectal cancer. Semin Oncol.
1985;12(3 Suppl 4):101–11.
39. Sloothaak DAM, Mirck B, Punt CJ a, Bemelman W a, van der Bilt JDW,
D’Hoore A, et al. Intraperitoneal chemotherapy as adjuvant treatment to
prevent peritoneal carcinomatosis of colorectal cancer origin: a systematic
review. Br J Cancer. 2014;111(6):1112–21.40. Sloothaak DA, Gardenbroek TJ, Crezee J, Bemelman WA, Punt CJ,
Buskens CJ, et al. Feasibility of adjuvant laparoscopic hyperthermic intraperitoneal
chemotherapy in a short stay setting in patients with colorectal cancer at high
risk of peritoneal carcinomatosis. EurJSurgOncol. 2014;40(11):1453–8
41. Elias D, Honore C, Dumont F, Ducreux M, Boige V, Malka D, et al. Results of
systematic second-look surgery plus HIPEC in asymptomatic patients
presenting a high risk of developing colorectal peritoneal carcinomatosis.
Ann Surg. 2011;254:289–93.
42. Ripley RT, Davis JL, Kemp CD, Steinberg SM, Toomey MA, Avital I.
Prospective randomized trial evaluating mandatory second look surgery
with HIPEC and CRS vs. standard of care in patients at high risk of
developing colorectal peritoneal metastases. Trials. 2010;11(62):62.
43. Lamers LM, Uyl-de Groot CA, Buijt I. The use of disease-specific outcome
measures in cost-utility analysis: the development of Dutch societal preference
weights for the FACT-L scale. Pharmacoeconomics. 2007;25:591–603.
44. Dolan P, Stalmeier P. The validity of time trade-off values in calculating
QALYs: constant proportional time trade-off versus the proportional heuristic.
J Health Econ. 2003;22:445–58.
45. Hompes D, D’Hoore A, Wolthuis A, Fieuws S, Mirck B, Bruin S, et al. The use of
Oxaliplatin or Mitomycin C in HIPEC treatment for peritoneal carcinomatosis
from colorectal cancer: a comparative study. J Surg Oncol. 2014;109:527–32.
46. Knutsen A, Sielaff TD, Greeno E, Tuttle TM. Staged laparoscopic infusion of
hyperthermic intraperitoneal chemotherapy after cytoreductive surgery.
J Gastrointest Surg. 2006;10:1038–43.
47. Ferron G, Gesson-Paute A, Classe JM, Querleu D. Feasibility of laparoscopic
peritonectomy followed by intra-peritoneal chemohyperthermia: an experimental
study. Gynecol Oncol. 2005;99:358–61.
48. Gesson-Paute A, Ferron G, Thomas F, de Lara EC, Chatelut E, Querleu D.
Pharmacokinetics of oxaliplatin during open versus laparoscopically assisted
heated intraoperative intraperitoneal chemotherapy (HIPEC): an
experimental study. Ann Surg Oncol. 2008;15:339–44.
49. Sammartino P, Sibio S, Biacchi D, Cardi M, Mingazzini P, Rosati MS, et al.
Long-term results after proactive management for locoregional control in
patients with colonic cancer at high risk of peritoneal metastases. Int J
Colorectal Dis. 2014;29:1081–9.
50. Elias D, Raynard B, Bonnay M, Pocard M. Heated intra-operative intraperitoneal
oxaliplatin alone and in combination with intraperitoneal irinotecan:
Pharmacologic studies. Eur J Surg Oncol. 2006;32:607–13.
51. Glehen O, Osinsky D, Beaujard AC, Gilly FN. Natural history of peritoneal
carcinomatosis from nongynecologic malignancies. Surg Oncol Clin NAm.
2003;12:729–39.
52. Glehen O, Gilly FN, Sugarbaker PH. New perspectives in the management of
colorectal cancer: what about peritoneal carcinomatosis? Scand J Surg.
2003;92:178–9.
53. Cheynel N, Cortet M, Lepage C, Ortega-Debalon P, Faivre J, Bouvier AM.
Incidence, patterns of failure, and prognosis of perforated colorectal cancers
in a well-defined population. Dis Colon Rectum. 2009;52:406–11.
54. Lefevre JH, Elias DM. Cytoreductive surgery plus intraperitoneal
chemohyperthermia in patients with colorectal cancer at high risk for
local-regional recurrence. Cancer J. 2009;15:200–3.
55. Segelman J, Granath F, Holm T, Machado M, Mahteme H, Martling A.
Incidence, prevalence and risk factors for peritoneal carcinomatosis from
colorectal cancer. Br J Surg. 2012;99:699–705.
56. Jayne DG, Fook S, Loi C, Seow-Choen F. Peritoneal carcinomatosis from
colorectal cancer. Br J Surg. 2002;89:1545–50.
57. Hompes D, Tiek J, Wolthuis A, Fieuws S, Penninckx F, Van CE, et al. HIPEC in
T4a colon cancer: a defendable treatment to improve oncologic outcome?
Ann Oncol. 2012;23:3123–9.
58. Van Gestel YRBM, Thomassen I, Lemmens VEPP, Pruijt JFM, van Herk-Sukel MPP,
Rutten HJT, et al. Metachronous peritoneal carcinomatosis after curative
treatment of colorectal cancer. Eur J Surg Oncol. 2014;40:963–9.
59. Sammartino P, Sibio S, Biacchi D, Cardi M, Accarpio F, Mingazzini P, et al.
Prevention of peritoneal metastases from colon cancer in high-risk patients:
preliminary results of surgery plus prophylactic HIPEC. Gastroenterol Res
Pract. 2012;2012:141585.
